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Abstract of JP2001 053076 

PROBLEM TO BE SOLVED: To enable 
copper wiring formed through a damascene 
method to be Improved in dielectric breakdown 
strength (reliability). 

SOLUTION: Cu wirings 46a to 46e buried in 
wiring grooves 40 cut in a silicon oxide film 39 
are formed through a CMP method and 
subjected to cleaning, and then the surfaces of 
the silicon oxide film and the Cu wirings 46a 
and 46e are treated with a reducing plasma 
(ammonia plasma). Thereafter, a cap film 
(silicon nitride film) is continuously formed 
without breaking a vacuum. 
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[4ffFlf#W«6IS] 

(b) iftmmi&mm±\cmimmm*mmi<. mum 

( c ) mmuft<Dm?.w, i mmmimmmm 2 simfgi 

( e ) «tjfe^7x-7Msx^roMT^> mumimmm 

[!t*ii2] tt 1 tm<D*m#$km\B&mm<Dm 
m^myi^m^y^^^tt, rv^-r (nh 3 ) 

X^X-^ TkSi (H 2 ) -7=7X^X'hZ>Z. t £ 

BtJfailTct^ia^.torvX-.'ii, r>^e-T (NHj) 

BtllE*f?^^(i, 7k* (H 2 ) „ g* (N 2 ) . T7U=* 
XAr), -.y?A (He) *»P>S^*iXfc¥-*fc 

MIE)E-&^^tr*|-i- -5 7^=7 (NH S ) CDi®*tt: 5 
%«±T-fc art t -T-5 ¥«ft:ft&l[II&&KoK 

iWEiS^k&ffl^DX^X-Ttt, tK* (H 2 ) i^tf 

*fris#rf?^^ii, t^=t (NHj ) , ^* 

(N 2 ) , T/U=?> (At) > ^y-7A (He) 7>><bil 

& $ ttfcm- * fc mg&w * * x h z> z t t -r a 

ffJE^#;*l;:*H-.57k* (H 2 ) 5 %£A_h-C 

[ »** 7 ] m*9i i IS*«>*3Kt* «[HlKaS«ro» 
iltrESB l *6»RM:5/ !/ => vSfEftJWC*) t> > 

[If #18] 8ff*4 7K*ro¥i«*ft«lil&£a<agl 



wie* 2 jfe^at± •> u = ^mumx'h art zwm t -r 

[If#rg9] »*«8E*«>#*flE*aia!SSfirofi!i 

WiSiS7Ett#B«W7'7X^i± > t>-^=t (n 

H } ) , (H 2 ) . *fc!4, rix^WTy^t^* 

(N 2 ) „ T^=i>- (At) . ^])<>J>. (He) A>hM 

[If #31 1 0 ] If #if 9 IE«cC0^»*«Ih!KSBW 
SWB«»4. 9 9. 9 9 %W±«?iSS««flE-efc5 C £ 

«3t*ifc-e*o-c, 

StJlE (c) 1Mb (d) XJMtwr^lC ffrlEftlffegHBt 
Jo J;LPie^w^ffiSr^i5fe}f-r-5XSSrW-ra r t %?&m 

1 2 ] if #« 1 1 mm<v*mitmmiB]&mw 

ftlf£^)^tC(4. 7s/flszk* (HF) *fc(4^^^^ 
(C (CH 2 COOH) 2 (OH) (COOH) ) cOtK 
«ffltSrfflv^wiSr!»*i:i-i^#«:|ll«rEI!SS«o?S!! 

[If #ijt 1 3 ] if #9 1 2 !Ett<7?4&*8fr&fRlsl&!g|E 

SHE* 1 JS^SlJi •> y => 9 . ffiism 2 !*« 

Bltt«d^/j:»>, SfFE^2$6^i4>!J =i>mtmx~*> 
51t Sr»» 1 1-^ ^«»*^[HlSg^BoMit*i!feo 
[If 1 4 ] If #iS 1 3 E«EW^{*:ma!518SSfi 

afJiEi§7E+4#ig^C0X7 X^r(4. 7^=7 (N 
H 3 ) . 7k* (H 2 ) . rtv^w^^t^* 
(N 2 ) , T/U^V (Ar) . — y^A (He) 

xh%z.t %¥f®. t -r % ^m^mm^mm.(om:^ 

im*m 1 5 ] §A#ijf i 4K.i&<?>¥m#m9HB\m?iW. 
(om^mxh-ox, 

ffimMlZ. 9 9. 9 9 %U±<DM1@MX*hZ> r t 

[i»*ii i 6 ] it#ri i mm<v*m&mm\5}'mmm<v 
m^mxtb^x. 

WE (c) Xgtc*3(t-5WStz(4, i&7!)-tf)ftfi 

[if 1 7 ] if #rs 1 6 mm<^^mmmm^mm 
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ftriE (c) jLU\z&vzwmi-£. mMyj-it^mmm 
mvattf 5 u±x*hzit^mmwm*rT ? «3«i© 3 

m«[e]&S£fitf>i^ffe 

1 s ] 1 7 Btto¥*{ttM«BiB£n 

1 9 ) in** 1 s fB«cw##fr«aiHi?gge 

SiHEiS76tt#IS*»7'7X^li x 7^ = 7 (N 
H s ) » TkUt (H 2 ) s 3=75:1*, iixbW^^i^* 
(N 2 ) „ T^=*V (Ar) , --y^A (He) fat>M 

2 0 ] If #if 1 9 15«co^^ft*ffllH]Sg^ 

SfJlE (c) TMb (d) X^t^l;:, tflElfl 1 S&ISJBI 
*3iTJ«ia*ro*ffi4r7s"fb7K5g (hf) ^/cfi^^gg 

(C (CH 2 COOH) 2 (OH) (COOH) ) 

**&IM«[H]S§y£fi<7^it2f?£ 0 
[if #*I 2 1 ] 2 0 1E4fi<B¥*fMia[alfg£B 

WIESHI4, 9 9. 9 9 %£k±<D<S > mg.Xh 5ri Sr«J#m 

2 2] ( a ) ±j§ fc# 1 S6&JK 

(b) S(rlB*ll6»IBt±^*l*«fflt«r*tmL, iHjE» 

(c) mmmu^<Dmsmmnmm±<omum2mmm 

( d ) sfitem 1 m®m& i. mm<Dmm^^y xv *m 

(e) ^fE*l|filWBS*iJ:VBaill±^»2i|i6»«IS:*t« 

2 3 ] 2 2 Etta¥*#*3flEl&£B 

ifjE^xVfi, ryfi7 (nh 3 ) , Sfciirv^e 
=7t*|R^tro^^ffl7'7Xvti59 > fljESr 
(H 2 ) , &m (N a ) , TfV^> (A 

r) „ —y^A (He) ^^e>^$ixfc¥— 



( a ) adffiffiSBttwSSft* •> >J = 
9tev^»«*Sr*i-SJi5il6»ll)l4r^fi£i-SXS. 

(b) flftE»l|fe«it^}»*fctt7LS:Jgj«i-SXS, 

(c) u(naififi*6aitofrwB*ii7ctt#H«w7'7x 
-vtcj;*3$aa-r5x^, 

(d) mmmtitimL<Dfom : &'atsmm*momi m-m 
m&mmv, mmm^tLmi^m^^m2mmM^m 

( e ) a&fE»*fci*?L£W<£>*fjfBf& 2 mmxtosavn 1 
*t&^-r-5x*i, 

2 5 ] s»*9i 2 4 imv*mitmmiE}&$im 

ftJfS3l5ctt#ffl^.»XvX^(i. T>-e-r (N 
H 3 ) . ?kl?t (H 2 ) . Sfcli, :Jx5,o^iti 
(N 2 ) , TA-^ (Ar) . ^-UC7A (He) 7)^il 

[if #31 2 6 ] if 2 5 E8tcD*igfls:J6S[[H]g§2£E 

(b) xmt-*3^Tfflism 1 %>£Tim2mmm\zmiztL 
imi^L, BfifE (c) x@ir*D^rHtjia?**fc{m 

mriB^ 1 i|£»fliio i t>*ie^ t Mtzm 2 it6«fcM t w^ffilc 
t4^b«f*s^* $ V * -5 C t Srltm t T Z *m.&Mm 
@?g^Bo 

[!f*rf 2 8] If*rl2 7 ffi*ro*3K«6aHHll&S« 

tuiaii i *6»««-> y ^ ymtmxh <o . wiEie>»i4fli 

[If *rS 2 9 ] if *if 2 8 &.1&<D*mfcMmfBi&%iW 
t'feot, 
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3 o ] i fE*6ro^**SHHl8S^e«3 

MIS (d) IS©^Ti> ttG¥WtttK*:fcft9EB«. 
KB§1-r £&<MEE£fcl4^Stt#S£^U flfffESB 
lttSkfltJaiVEiMlifc, WIS (e) XfiOiiuiEig 2 *S 

[0 0 0 1 ] 

*iitffl3^W^AK*3<ttJ t CMP (Chemical Mechanical 
Polishing) fe£rffl^fc«F&KJ:!J^/?g-f-5, i>;b^5 

10 0 0 2] 

[«*©&*] ie^o#i»itt6aiii!Ss*i=i3it5E« 
(D'jkmt\cm\ mm&tt.<nm±, vmrnmnrntia. r. 

(CftoTV^o #tlittSE4n L S I tCtJl^T 

iOtft, fcitlil 9 9 3 VMIC (VLSI Multile 
vel Interconnection Conference) ^fil^l, p 1 5 — p 

2 i fcKttSft-ci^a j: *6»Biu:?i&£i,fce*iii* 

irffl (Cu) £±^&Si^5ie^)B^K£ffl^i2^7 , £ 

wmmftn<o£frt£&m&itt¥$mmmm (cmp 

[0 0 0 3] &:fe\ #08¥9-3 0 6 9 1 5^fStw 

RSSriSMT-#5£ LTV 
[0 0 0 4] £ fc, 1 0-5 60 1 4 -i-^ISI- 

y^y- >-m*#irz&mmbm* c m p mz 4 9 ^ag l 

[0 0 0 5] ^¥1 0-5 6 0 1 4^fgiC 

14. Ei»S:^U7tVTifi±^*!3fe*tS OGiSrM 



[00 0 6] 

ai3insra»iitf^ii)R (fc 

w*w«bs * c m p & ic 4 <o m^-r h 

[0 0 0 7] i-zfefc*,, iS5tttg<0nv?y ^ L S I —Wig 
O&J! (fci ;L(4"T/U$ =.1? A x ^y^TV) ttb|g 

iit-fe^. en** &<Dy< v rmt Lx\*mt?* 

-><j =i>mikmtxmzmi\ mmmmm (->y^g& 
[0008] m&mmttniz.m\.^itm&, t 

DDB (Time Dependence on Dielectric Breakdown ) 

t^^Stfc^o TDDB#Ali:^TDDB«» 
[0 0 0 9] H5 5i±, SHEIiL T/U^^^Aia^. * 

«#3Sft^0. 2MV/cm (ii^ffiffl^Ji) t-*3 
ttSTDDB^Nfrl*. *»b«@it^^)3X 
1 0 8 s e c (1 0¥) SrffHSiSo — i^Ba^cO 

TDDB4#ttc9H*4tS«^fc^ - E^m^t@ 
B#f4fil 4 0 0 C^lSTTlfo/:f-^^TlTP 

5o 
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[0 0 10J Z<DZ. 5&TDDB#lft<0#'ft;JliHf±. E 

[ooi i] *«w#p>«>*i*-ctt, smmzz 

m\~Mf$.l,tcW&, ±Il«roMi8-c*)5CMPi 
[0 0 12] MEM^^^^v^fltj: UT->D 

[0013] y-^^^m^m^^xm^. 
[0014] *3mb<z>b«jh:, ia^st^-r-yy 

[0 0 15] £f>K, ^^roiftjli. ^ft!/7 , lt:-> 

ih-f-^wtfrfcS., 
[0 0 16] *«W«»?BftlE'5:e>O t ^-tiOte«>B«ji:#fa 

[0017] 

[3*S4-if*-t-Sfc*W#S] *Htw*3^TBa^$^5 

[0 0 18] 1-#*?*>, #3gf?mi, CMPIM, IS 
iEi»*iJ:tJ«-tnAsa«>ji*nfc»IBIilfe»« (fc 

[0019] rHl:i9, E»*J:VJiniftlMli:'*-y 
It^SfMStiLtTDDB^^f L<|Sl±t5i 
[0-0 2 0] KAT. *«WW«5fSr?iJIEU-ClJlW-rS. 



[0021] *&w<Dmi&jjm-i. *mft&fiL<D±s\z 
mmm\zm imam) *K&-rz* t«»»i*«i 

*fJ«) , »*SW&tr#2 3MM* (MR) SrWUfcJBfiJt 

5utt*H«ror7X-7^J:9ftiai-S. mite 

[0 0 2 2] :;t, ilTctSf^HMwy^X-vli, T>- 
^e = T (NHj ) 7*7X-^fe5l,M±7K.^ (H 2 ) 
vtt5Cim5, XV*-=T (NHj) <h 

#Rf|R#* (tK^ (H 2 ) . ^31 (N 2 ) , T/W=fV (A 
r) , ~.yVJ* (He) ^bSK$tvfc^— *fctt1g?Bc 

(H 2 ) (TV^r-T (NHj) . (N 

2 ) , 7^3> (Ar) . — y?A (He) ri>fcjg^$ 

[0023] *7t, jKiifeedRiii'y =*>mtmt u 
^2««flif4ii > m2mmmii^<) ^^itrnt-tzz 

bfcX-ZZ. &Jo, m^t.Xh^^bX'h?>iK mi* 

ifiSiNea^li— 4 N-T/tC*3*>9 9. 9 9%Kl±<Ot 

[0024] *fc, isiKDi, 

g?i5fe^Jc(i, yy\\Litm (HF) Sfcli^yU (C 
(CH 2 COOH) 2 (OH) (COOH) ) (DifMW. 

[0 0 2 5] WHXgiC{±, ®fe^y-W-fb^l 

i 2»i, *5<fct>\ m2^s^{3*fur^i««^«?jS 
v&<r>\\^mmmmxrs ?zb frx-z a, 

[0 0 2 6] *5BMro«ig*ftl±. ^«f*:a«co±Ji{; 
*llftl»M[SrJKl*L. )BllftMURi=i»«r^AL. fit 

SiXJW, 1 *««SrWlBU-C»rt^E«lSr?BfiRL. IS 1 *6 

t>'^fb^S^ L . m 1 *6»ffll*i J: u*Id^±tcm 2 te^BI 

[0 0 2 7] :©^«/7Xv|i, 7yf = 7 (NH 

3 ) sfciirv^-Tjo.fct/Tkifi (h 2 ) b. m.m (N 

2 ) , T/U=sy (Ar) » ^!^7A (He) fl^SHR^ 
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3 0 

[00 2 8] **M<75»3t*jSW:» ft«9l ('<y 

mom-'m i u sri »a«i:i4fci47L 
t . »* fc mmn-om 2 wtKto «t i wtiw 

£Wtl-4 9 Bs*U »**:H:?Lrtfc»m»rSr»riti- 

[0 0 2 9] *36W«>^8»flE«aiHilSK«t*, US l 16* 

t, miffi»^*3<tO ; E^±ic^^ixfc^2$fe^t 
trU ^l*fe^a*iit>*IEIStm2|fe^fc(0^®trii 

sunt* -> y =« ^mtmxh <o , mmtemx-h v x % 2 m 
* orasxa*. m 1 *6«a)t*i ±c«eisi«*»5>* 2 

[0 0 3 0] £ bir, *3§BJcoJ£i£*)£f4, *N*fc*« 
JR2i*ttK*X*/ftU *2*««*SJ:V*1*«BI*W 

ttffi&iNtftrU iSMWtr^ 1 »»«*5 J: VE«±«cj|S 2 

leawsrisar-f-s a. 
[0031] ut. *m\z*i\^x. i£.mi-zmm<D-f& 
ftmm-^^xwiw-fZo 

[0 0 3 2] TDDB*#ttt, ^(OS^ (fctxili 

i 4 o°o <Dmife3iWFTxnMffl\z.ik%i# ) m^mi£*))u 

i&mm&felg. (fci:;tfi0. 2MV/cm) ir^-jfLT 
#it>fcB3f a 1 m&) &V">5. 0 5 6(4, *Sfl3TDDB 
**««Jj:{fefllLfctt^*iS%L. (a) i4¥ffilk 
(b) *64LK (c) f4 (a) K*5{j5B-B' ^jSrEiS 

i^CTEG (Test Equipment Group) ffi^tt^l* _ C# 
5. 4 3*ro«»Ei»L**2iEI«JlM2 

k»j*u *±sro/<i/ hp i , p 2\z&*mm^-z>o 

/<y h P 1 , P 2 llSiJ3tffl^-efcSc ®ff^IEi»L<Oia,|g 

ffi, k&mps, fa;£!!!J5:£!4{smt>o. 5 W mt-fc5 e $ 

fcEi»3*|6l*H: 1 . 5 8 X l 0 5 nmt Lfc„ HI 5 7 
-v=SJc^$n, KP l , P 2m\zW.9L9J£9M£ 



* (I/V«j£«) Zmm-fZo fW^ir-vSiit:- 
^HT-AOf^$tlt*|Sf®** J l 4 0 < Ct£S8S££*l5 o E15 

©#5SS5MV/cm<D«^SrM*Lfc 0 TDDB 

iSAo (*6»«gt») fimmznz* zzx\t. y—rmm 

u A/cm 2 {-*LfcB#FBlS-TDDB#^ (5 
MV/cmtt3lt5TDDB^) tLfc. JfcBi 
lr*3V^T, TDDB*^i:l4.Jttrw^.L7' t C^Pg<9 0. 
2MV/cm^*S»t5WE*^W fcV*5jW, J£i£ 

UTTDDB#iftWf§£rffl^34§-S-t>£> ; 5. #fr 
#SU*VBB9, TDDB#ifti4, KMSHOtffl 
*je, TDDB#^(4fltifaw1®^ia^LT- 

•f 5 w «t »4 V > 5 * ^ l\ 

[0033] 7 , 7X^iaat(4, x^x^^fg^fcsas 

Sl5W^^$ttTV^B#tct4-?:CO^*ffi4-^L, X 
JXvOftWSi, H«W K^F) ^fflSr* 

srmBt$-a:T^i--5^» mst-ii^i-^s^^-es 
1 (i-e#^v\ iot, *lg-c(i, fct^fir 

*twmfx mm. mm. -mtmm. ykm^m) <d& 

[0 0 3 4] il7ctt#HMwy7X-ri:l4, it7£f^ffli- 

•^^^foSVMi-r^-v^^^n-So ^rt(c|4¥ 

-(OR&imnfrftibir* m&m<D5ifcm i -5**ix^x 

fctx(4'7K*7 y**tNH 2 ^v^^i^P) 

[0 0 3 5] «ST-fc i xfii^A^ f>45t SStfci 
£\ ±J*^4:L-C«i!»*fflv^6>n-CV^rt*r«B|-f*. 

(fct^(4*4N (9 9. 9 9%) ) Sft»«-e« 
fife^ix^r irSrEUL, o. o l %S.*<75ffiEo^M^) 
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[0 0 3 6] *St^(7)»«i:V^»^l-H MiK 

A CORSES £F a % # * B (DWiflfc 
4£Fb<bLT, Fa/ (Fa+Fb) =0. 05(D: 

[0 0 3 7] W tit. -lRl:ft*xs,f 

t X T ttIS W <ott«_t. WWSttas»-& £/h/Ti N ftv > t><7> 

[00 3 9] >ffc^i«Wlg (CMP) fctt, -^(C^W 

•B«r»»ttK:ftb*>v^#*<os/- h*mftifa>&ftS 
K^«*6S*fc#tf»"e, *9 J *rtfc*&Lftj»fc 
ffiXfalzfttt&MZltXWm&ft 5 ^ k&\<^\ *miz 

»»*H3:*r fcfcJ:o"CW«S:fT5 CMLtthemicalHec 
hanical Lapping) ft if fcfttf t>0> t "t*5 0 

[0040] y —fct&mmm t -^ic^ 

0. 5%K±<^^9 y Srfflv^k^«ft«W»Srv>-5o L 

^i^ r.ne>tt*B»ttftt^-e*>9, 

±, a*b<tt2«TK±/h*v^4»^ftif^tt, 

/(dto ^ y -it^w&mm t^^m^h 

[004 1] ffi-kMb tt» &«<o*EKi»£:tt<£>*5j:T/ 
/*fctt«*ttO»«il«r»*i-«r. irK-toT, CM 
PteJ:*W»«>JIMT«riaJh*fcl4«Hlli-SJK3B*rV^\ 

-Kico/hyr/-^ (bta) 
(Sft< nmrnw- 8-6 4 5 9 4 4-2t«#nu . 

[0 0 4 2] ^mt4^< DTii: — ASiciI«>iA.^ia,f* 

£nTT/I<7>*^ft£*K^«£&tri-<7?£l»<'/b#w 
fcw-C, «*fi»ttj4*IMtKfcJfc^TJtttfti*^T i 4 
T i N*if03A«^ft*»» *«4«Mt*>. i» 

[0 0 4 3] 3§tlRlft|&5fe, i^Kii. Wfti'/fy 

[0 0 4 4] fflftii^-ia^irii. -/©lr->>^/W^-> 
^(single damascene) -^ > 7 r ^- T/L-^*-^ ->V (dual damasc 
ene)ft<!:<7><}; l61KKi£&i££ Hfc»* ifWrtgptc 



[004 5] IKJtl:oi^, fA«Bl:»t5j (* 
fcli rB(-*ti-5Acoj ) SKJt* s Xtt^ W 

Sr. <t£^9„ 

[004 6] UATOSUSOff^ST-M:, ItK&Sft t 
ftt\, 

[0 0 4 7] UiTW|gJ£^ffi-Cr±, -as±^«^ 

[0 0 4 8] $e>ir, «Tw*iSo^ffitc*3^r. mm ■ 
<nwm mm. *tt. i6iafti:*££tf) Ks&i-s 

&IcPS;e£ .ft 5 *©»)toa^HtSJi5 

&^co t> <d -eiift v * r t liv ^ 5 * x i> ft v \ 
[0049] mmiz. ziT(Dmn<r>i&mzi3\,*x. mi& 
5i*ft<t*<o^, ear^ftific-g-R-r-si^f*. 

!ISflai-5t)CC>ftifSr^ti"b<Ot-t-.5 a r.ror.i:»4. ±15 
[0 0 5 0] ^id*3^-C^(*:«*lHlK^Bi: 

SOI (Silicon On Insulator) S«-^T F T (Thin 
Film Transistor) ?S B B B SlligffiS«ft if t V 

(-fiatCfSlJRSfl?) . SOSlfi, ^v^SS^Wfdl 

[00 5 1 ] 

fcjwt>TB*i:ii!sts. ftfc. nmmmznw-r 
[0052] (mm<DBm 1 ) ^moymmmm 1 -c 

fcSCMO S - L S I OMit^ffi^HI 1 ~H 1 9 Srffll" 
[0 0 5 3] *-f. 11 1 t^^fJ; CT^(4*1~ 1 0 
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5¥IMS (KT, S«tV^) 1 3 5 OnmS 

©•>!J^yW3^kfi«»i (CMP) l:iot 
^t5ii:l:J:oT, p 3^^,1.4 *3<fct>*nM 

[0054] ftn, m2\z7jk-t£ oiz, v-bmitme 
[0055] m^, m3iz^-rx 5t-> tzt±\-£~>'j = 

/t^rtCict, y— h®^7CQ{!iJHIc-tf-^ K<7* 
+M 3 4r^-f-5o rtf>1£, -I'^fT^i^ 

S^IW14 (y-^., KWV) £r^/£U n§y 

-7^5(cig^Fii3fi^awp + s^*««i 5 (y- 

*fcf4fc^5r. pS^F^t-li^n^^^r^-So -e 

fS^X. n + Si^i*#:^14 (y-x, kkv) 

T\ nft^iMI S F ETQnfcit/pft^H 
M I S FETQp^tS. 
[0 0 5 6] &tr. m4\Z^-f£ 5 In, ^«l±t^CV 

fy^'t^itiat), n»ifiwi4 (y- 

KMV) 0±§|5(;=.v^^ h* — /i/2 O^fiS 

u p + m^mwmw 1 5 (y-x, kmv) <d±u 

- Smfii7(D±g|5{Ct.=' h*-^2 2 Sr^-T 
-5 o 

[0 0 5 7] yyny®«18(t >5r*-h««i7, 7 



t N SS. MttfBPSG (Boron-doped Phospho Silicate 
Glass)^T-«^:i-^ 0 ^tVMttiaotM 
SOG(Spin On Glass) Jg£T^/£ LT t <£V \> 
[0 0 5 8] h*-/U2 0, 2 1, 2 2 

Mx.fi •=*1'9 9 bfr— /U2 0, 2 1, 2 2COF*3£fl 
Sr$tpi>y ^V^tl^l 8(7)±^l:CVDStTiNl 
^ctt/W^^riSab/c^. ^>-®HfcJSIl 8cD_L§(5<7) 

i Nm&zxfwm&it^mmwm (cmp) & 

^2 0, 2 1, 2 2cOrt^^^-^r^^com^a-ro 
[0 0 5 9] m 5 fcSH" J: ^gtffcJBI 

1 8C9±SP^»iSBoEj»i:/j:-5WE«l2 4-3 0£ 

v^^mtmi 8<D±mzx/<y? y ^ymx-wm&m 

K^^^^^-^^i-^o IlII^Wid«24~30 
f2, ^^^^^^2 0, 2 1, 22£ri§CTn^ 
^iMISFETQnOy-^, KK> (n + If 
, pf^iMISFETQp^y-^, 

[0 0 6 0] me (a) , (b) \^1~£oiZ^ 

«is@towia^2 4-3 oo±SBjd'>y 3>«wb»3 
^^y^^-ev-y 3>iWidBt3 1 >vz 

2 — 3 6 ^/SL^, ^3 2-3 6<£>f*3gI5 

[0061] ->y =rvgg>ft:^3 i Mi.tf*^^ (* 

fctt»*) <h^h^^h^^>'>^> (TEOS) ££ry 

-^2 0, 2 1. 2 2<Ort9Jt-^7^2 3 Sr^j^bfc^ 

[0 0 6 2] &t^. 07(a), ( b ) tC^-T ± 5 
'>y^M3 l^±»l:/7XvCVDftt«*5 

y =>aMKB!3 8 0±gBtC^7X-7CVD}fe"C«J¥4 5 
OnmSftO^y =^»{b«t3 9Sr*H«H-So ^<^^, 7 

— JU3 2-3 6^±g^v- y 3^KjtB(3 9*5£Xf 
•>y^yHk!3 8S:^l, EH9I4 0-4 4Sr»« 

[0 0 6 3] EMflt 4 0-4 4Sr«*-r-5^«:, ^-T^> 

mtm3 9fc«Rfti:xyf^^u -torn. ^>y^> 

&UK3 8Sr^^^>^-r^o ^^<fc3tc, EM4 0 

-4 4^ff^$tl^^>y aySftR3 9(^TJi«w»V^> 

y 3^»t:lBl3 8Sr»fiS:U-c*5#, :wyj)3yift« 

3 8(0*B5-C^?/^v^S:— B.fltJtLfc«, yy 
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im3 s&^y^^y-rzztizxv^ emi4o^4 

4 <Dm$ < ftWi-Z w b 5 0 

[0 0 6 4] ±ffiia^fS4 0 — 4 4^l^gBlr«T 

o £ 5 4**t?» 2 if g ^EiK t ft 5 fflfeii* C u Ell 

[0 0 6 5] Si\ H8K*ti ISiW«4 0-4 

^ft-CIBtff 5 0nmS&(O»l,>T i N iM/lCrf-* » &t 
4 5Sr*aLfcft, TiNl4 5©±»tElli4 0- 
4 4<£>^£ ± «9 fc+#l-J¥^JBIJ¥ (Mttf8 0 0nmS 

T, 4 7 5 0 C^*cr>^>ft:tt#Hm (M;Ltf7k**ffl 

■/ 70— mmm4 o~4 4<Dftmzmmt£< cu 
[0066] 4*5, ::m *'<y9mz.&z>c um 

-ec ul4 6l:ftSt5CuISr»^tttftv^ 

[0 0 6 7] Cutt'>y a^BMkBl^^ttftbair^V^ 
5ttK* s *)5fc»»^ Eftflt4 0-4 4cOf^gf5i-C uE 

U EHra^S**^ > y =1 ^KMtHt 3 9 coSIS^_h# 

£^5tt«#fc5*:tf>U:, i/» =>BMfcBl3 9 <k£)#E 
-C«IBI*r§l#JBr Lftv\ 

[0 0 6 8] fi£oT, BfltJt4 0-4 4 OrtgBK C u E 
»fc#f*-r3*&H\ '>^^M3 9^Cuf4 6 

W,J:94y7n-.^^!j :^ffiT-E«l*4 0-4 
4 0rtgRtwCu«4 6Sra«)iitr»^tr«, y:7n— b# 
ICC U R4 6 ^^M(^±^-f ^ttft^ y TiCI 

[0 0 6 9] Cufc»£Rl£L*V\JbffiT i W 
N, TaN (M.\\L9^9 !V) i£l*<nfote&&W&\ } db 

r<7?ct 5 4'<y TS£ u-cjffiiftttw-efcSo * 

5£R\ C u iKi&UBtl^T a , T K W, T i W££4 

[0 0 7 0] EJlT-CRW"t-*CuEI»^»fi6*ffi 
itfWoc u«Sr*oTC uE»S:»«t5^ 
h^flh-f, CuS:i^i:t5^4*S:ttotCuE« 

[0 0 7 1 ] _k|2C u^4 6 ^WBSt-JH^Stfc 

IS (?) c m p g 1 1 o o ^,Tt Witfo ^ o :<ocm 
PMiooit iii:cui4 6»i$$WcSSi 

t««ftiRSt5o^l2 0, Cu§4 6Wg, ¥ 
a<bi-4Wa»3Stt 13 0. ffl«#4*T Lfc*K 1 



^ct 9iw^bT*3<ais^sgBi 5 o, m&®mi>m 

*iW5il*TLfc*«l felifttkttS-f-ST^a — 7 
OSHtx/O**. 

[0 0 7 2] EI l Oiz^i-J: 9 tz. CMPgli 0 oco 

3 ott, ±a^BB P jtufcfffri o i &m 

2<D±ffiSSt-«. * 1 0 3icJ:oTlH]|SIE»j$n^ 
$Fig^ (zfy^r^) 1 0 4««5Wtbntt^ o ^(D 
ifil0 4(D$BIUt #»^*7LSr*fS^»/IB 
Sr^-Jwlfi «9 ttJtTTFM Lfcffl«»< yKl05 rt^ 9 ft- 

[0 0 7 3] CCDW««k3S$Pl 3 Ott, &£l S: 

ft«ftSfcft^!>x/^t !) 7 1 0 6 Srfit^So * 

^^rty71 06<!:-fls:t?ioT^-^ (El^iirT) 
J: 9lHlteI2®j£H. 0»oflF*SBEl 0 4<D±jfX*±TW)£. 

[0074] ISKt !?x/N^tyri0 6l:Kit5) 

hWiWmffi&TfaZ b LT*^** l 0 6te:«W 
£*x5 0 ^x/^ty7i0 6^)T»l:il 

iR**n5ca«i 0 6 a^»rii*nT*39, z<omni 

0 6 a rtirSS 1 £ri&^-T5 ^<oWii^!>x/N 

[0 0 7 5] IJfgS 104 (D±.Jj\Z\±^ 5ffB>>* y K 1 0 
5 0*ffit««l^«BF»ffi4:^B8icWe^7 y (S) 

"9. -t(OT*^b«»S*t5Wlt^7 9 (S) CioT 

W^yy (s) t it(t 4 «*tfr/u5 ■f-ftifoffitt 

[0 0 7 6 1 C^IiM3l3 0lj:, fff^y 

K10 5(D$I^M (KUr/^^) i-^/c^coX^ 

9 ^Sffi 1 0 4 <D±jj-e±Tto w tZ>ti&Wto now 

[0 0 7 7 ] W*^4»T L-fc*« 1 tt, 1 4 

n 1 4 0 ±t£ l fcws&affl 1 3 0 <Dffi& b m& t 
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[00 7 8] WBf * 7 !> <£>«S«i$)5fcfr (liiJife80 tt. W 

xtiia 1 1 ir^-ri 5 7K¥ffirtx-i£]te^-t±fcs« i 

<7?P)®4rPVA y t'-^r/u^— /u) «)J: 
*H<0#7Llt*«>b4ini([«©y5-> l 2 l A. 12 
lBffe, 77-/12 1A, 1 2 1 B SrSfg 1 <DM\Z 

[00 7 9] BSfifc&yS/WT LfcSK 1 14. ^(73^ffi(75 
ISmSrE&CfcifcK:, gj»*&3g|5 1 5 0l:-*6!)l:ftf$ 
gfl&taSSBl 5 0(4, SStt«a*Si*7LfeS«l 

8-30 w«ftMb*«)JB<(feRl£;*^K«>»witff u*^a 
t>. c uia^2 8~3 0<aJ8fel!£4 9— S56Htc:65ih-r 

100 8 Oj S« 1 <D|£g|g5Jh»4, 0iJxli^7X->^ 57- 
t5Ci«t# 5*«fe-e*>tbtf, -hfELfcjfSfjf f "Cro 

[0081] ast^a^ 1 6 o^-wt&ztiitmm 1 

t#$4x5. SMkJW&+?ni-.5fc»!>fc:NH 4 
OHSr$tf«fe»«* ifOTHT/U* y I«^t*^ 
b, ftSlC*!*^^?^ (Sfcliyy^) 

&i$£fcf4^7k;*t°>i!fefrL7c'9. SS 1 <D*ffi£S&7k 
[00 8 2] ±e*jfeiMya#j*T kfc2&K l f4, *fc7K 

-yi 7 OKHXl^iX, MftWit-fiLt&IS- 

[0 0 8 3] ft*5, H 1 2 fi^-f £ i fc, RFttAS^tl 
7 UfcatK 1 roa^f£j*$rW<*fc*0>»»«i3SB (-7^ 
^■K'tfgB) 1 5 0 ^jE£3t1#jttr L. ifct^^Stg 1 



5. r.ftKi'?. 3tfi«*a*^±5fi»«jH«3«4Sr 

ptjC4 5 kt-# s Q ast«iagB i 5 o zmytmrn^i-z 
icj4. ^fr^in4a»w t^i>7*) (omm&mytis— 

rtS5roH8««r'>*< H50 OA^^CTF, #4 L< (4 
3 0 0;^^yT> $f)l;ifiL<iiioo/^7;KT 

[0084] 0 1 3(^^1-4 ? jc, we&awfi: 

ag|H'ffi3i£;Jx. mm*?}) «fr©*#**SUH«*l;:J:o 
-C^*$tt-Cb4V\ 12! 1 3l^-t"CMP^«2 0 0 
(4. *a5»^Cuit*s»j«*ixfc»KlSrtt»ttiRSi-5 
n-^2 2 0. CulM, ¥fi<tU-CBI»S:Jgj*-r 

5 ws&aeB 2 3 0. mmtmT Lfcsis 1 cd^est^ 

***4«««ia«B2 4 0. *KlSr»iJfe*i-5»iJls» 

*a.agi5 2 5 0*3 «fcv«ife»-asttT LfcSK 1 *«»tfcifc 

ftSrya- y 2 6 0 Srflix.-CV-S,, rroCMPgf 
2 0 O&teoifcC uISi»^fi£7*n-fc*-C*l4, JfflW&agS 

2 3 otc*3^-cw^atc:^$nfcS*g i (4. wai^g 

jft^a§|5 2 4 0tr8gi££*u IS^7 y +©tK^*«3S#J 
ejitaot^4SH5, ^r<7)f£. SKl (4. f£M«((IS 

frt&mizn $ ttfcm . *<E7K y *3 4 TJ 5 ^ f> k ? 

ST7yn-^2 6 0tlRg^5 o 
a(OE^^e>^i#-^W*6$ix5*-C-<oK, l 

M*6*s«ilW$ix; rntc4«9. C uEj»©JSSttSr*S6^ 

[00 8 5] :ro < t54CMPSl:j;9, •> y => >S?-ffc 

9±©Cui4 6*5j;(/T i NR4 5 5r^*L, m 
1 4l:itJ:vl; l 6S*S?£4 0~4 4F fe 9t^Cu|S^4 6 

[0 0 8 6] &tr. C uie^4 6a~46ei->y^i/ 

mtms 9(Dmm'^ : 7^-^mm^m-r. mi 5(4. 7° 

7 X-7^g(^ffl^^Ma^B<75«^^* UfcWfBEI 
(a) *34t>'¥ffiSl (b) t?feS 0 

[0 0 8 7] i«7)^! ! a^Bt;t4. d-Kb 0 1 

l:2-o©»H3 0 2 a, 3 0 2 b £ #ir y l*- $ ~7 
3 0 3tfWl*)tti?t>nx\<^2> a Q-KQ77I3 
0 1 (*JKI4£«1 SrHRiH-rSDsKy h3 04 
o-Ko7^i3 0 1 i: felt 302a, 3 02 bi© 
^13(4. fta^C^n- Kn 5/^7^3 0 1 rt<D^S?5^ 
m&l%XZ>£o\~-y— h/W3 0 5^*1-^ 0 

[0 0 8 8] Mil 302a, 302b rt(r|4S« 1 §r 
§l#t?.tt7^ 3 0 6, #*»££$|;t-5/<;/7/M£3 
0 7. ■y-feT'^ 3 0 6 5r^i--5S:»gR*f 3 0 8. 1f-± 
7;? 3 0 6tC^(6]L TieS$H-5> y is~Vi<D&m 3 0 
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3 1 os:*-*-^ mwfcz i oteu-i?x* 3 0 6 <hm@ 

3 0 9 ©BK^tOMB 4««t«)*4»tS:»(Bt 5 
«UH*«fc*. iMr:/* 3 0 6«BBflMfcttR*t«:5> h 

3 i irti:Kt**ifc7^3 i 2^eisk ^>-x 

3 12^ Lfc#*M6 3 1 3 3 14 Sriiig It 

1H?X* 3 0 6joctt/S«l«wK#$n^o r*U-J:9 
*t6l^D»Stt5o 4*. MKi i2^"trX^ 3 0 6± 

tc^^r *r^XT-tsii£ft6 0 

[0 0 8 9] MSI 302a, 302b fe^(DftU&~0i 
&Mftt*1t*#— V 3 l 5^?>flt»SixSo MS#*te 

ft, ^e^^*^SESfc«fct/^3i«*:SfJfflJi-SCi: 
fcJ:0EE***«M»*ftS o JMHtt«*tt«lB3 0 9fcHl 
AP£ft, ^-fcrX^ 3 0 6 ^m^3 0 9 tOB"C^?X^ 
SrtrttS. «)S»tABfci:ifil3. 5 6 MH z 60 

[0 0 9 0] MSI 3 0 2 a "Ctt, *tf ftUlttW"!- 

^ry^^r/^x^i^trbii^o £fci, Mil 3 

0 2bm ««-iawi-6*-ty^Bt (isv^^it 

tt) OiftajftSfffeftSo MSI 3 0 2 a <tMSl3 0 2 
btlio-Koy^l301 Sr^LT»ttSftTV^5fc 
r y^e^ry? Xv&i^t d^«iSt s r 1 4 
< i ^Mll 3 0 2 b i:Mt a : , tis 

[0 0 9 1] #ctc, JilSLfcX^X^MSSffSrJiH^ 
T, fflg 1 i:7y^^T7 P 7X-7Ml«to *tyh 
^>^7x/f^ 3 0 3^^Sl^P^7 h 3 04ia 
5o— Kny**30 lfc*A3ft*. o-Kny^ 
3 0 l fc+»4WEsR«K:*«*-ej|ffi#*IL, 
h 3 0 4 ^l^TMIS3 0 2 a CSSl «r«R2H-£o 

3 0 2 a h/^u^ 3 0 5 *K MSI 3 

0 2a rt34S+^4Jt^«lr/.c5*-e»«L^, MSI 
3 0 2 a Cr^^T^^AL, EAli$rtToT 

0 9tw®*£EPA0U 01 6lC^i-J: Sfil(7)t 
I5:/7X-7Mt^o Bff*«FlB<Oiftiiai*a*t«#* 
f?lhU X^X^&f?it1-<5 0 MSl3 0 2 a 

rt^Ml, ^h/W3 0 5M^to^^h 
3 0 4CJ;!}lii Kn >y^l3 0 1 

5 0 4*3, P-Kpy^l30 1|j:ill^iai^ 
ft-0>*fc», *Slo*ffidS*«#H«J-»$ft5- 

[0 0 9 2] ^9X-T»a*fl=«:, *l Sffi 1 o 

IK* XSrS-Y^J: Lfc*d\ MSE^^5. OTor 
r, RFS^)Sr6 0 0W, &Kffl*& 4 0 0^. 7^ 

^t«sst2 o o s c c m, jaawHifir i otpt-rzz 



S3, 7 P 7X-7Ml^tt(j:, ^iib l tz^m^m h ft 

< , jaiNfH^^u if c u <ommz toy* #3§£ ^ 
<tt^&iL/*q#e>ftTv^o rftbco^Q^t^ 

0. 5 — 6 T o r r , RFS^?li3 00-600 W, £ 
Kfljf(j:3 5 , 0-4 5 0t, 7^7iilj:2 0-5 
0 0 s c c m, mm&m* 5-18 0&\ ««MEtttt 
3 0 0-6 0 0mi 1 s ^ £ 

[0093] r60ct CuS»46a-46eti/ 

si = vBMfcj*3 9 (Dmm\zyv x^^m^mf^ t\z x 

9, C ufii4 6 a - 4 6 e fci^li = yKft)g3 9 

« =»va<kfflt) tCuE»46a-46efcJ:tf 

3^BMb«t3 9 iO«»tt*S|Rl±U TDDBSA 

[0 0 9 4] #cUl, o*yh3 0 4^rfflV^l«l £M 
ll3 0 2 b{:^t§ o MIl3 0 2b^-h/</U 
X 3 0 5 MSI 3 0 2 b rttf+^ftKfflftte* 

5*-e»«Ufc«, Mli3 0 2 bCi/7y (Si 
H 4 ) , T>^e^T, SiRcQ^tf^Sr^AU JEtiW 

frbW&3 0 9K«#&WADLTX5X^S:3g±U 0 
17i:/Tti?l:, CuE»4 6a-4 6e*5j;W'>!l 

3^Wk«3 9<o*ffifci/y 3ynui4 7 (^^/ 

X^X^S:f?ihi-5o -tog, Mll3 0 2 brt^ 
SI^U h/^X3 0 5»^n|y h 3 0 4\Z 

ct — Koy^*3 0 l^WtH-fS, £b 

tC, h 3 0 4 SrfflV^T^ty h-f^7x^7 3 

0 3 1 *r#a-*-* 0 

[0 0 9 5] *>!l3>'Sftl|4 7©»f ttfciitfS 0 

(CuEH4 6a~4 6e) k &&ffitZ>77 f&J&fS. 

»3»B»*oaftii*CuEI!l*s»J**ft 
5 0 0 1 8*1. ±iELfcCuK**4 6 a -4 6 e^)M 

[0 0 9 6] 4*3, 0 1 9^»7«@OBB**-eS:?KfiS: 
ttCMOS-LS I CO— 0iJ^^-T o SlilgOlE^ 

(Ml) (i, (WrEUfciiO^^^^^llt*^**. M 
2^id,« (M2) *>&Jfi5JNBtt (M5) *"C?tt. WE 
UfcCuEll»0«fiJE*»-eK3»i-5 0 4*3, I21IES 
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(M2) &£xfm3Mmm (M3) emhl ehm 

t5o JIMJIEI* (M4) *3±tf»5WEi* (M5) 
tl^mt«n 0 *6j|Bflft (M6) tt^^^f 1 

tu tt7jiEft (M7) ttT/u$ = *A«-e«]«-r 

5o m7^ia^ (M7) Irtt^^T'^SJg^SjLS^H 

[0 0 9 7] *!6*<0»ll8^J;ixtf. TDDBf^* 
*ldBfc*£ft5o [21 2 0 It, *mo)&ttOft2BEIft 
M2 (CuEi46a-46e) t mM tw^/££Jx/cT 
EGfy^KOTDDB^Sr*t^77T*fc9, *H 

■r— * (7>f^Ref) tiRi«pjw^i- 0 Hd*e>we>^4 

[0 0 9 8] H 2 1 M\ **ft<D«ttT?aWIJ Utv' U = 

i^ltftifci^f-^ (7^VB) «:*+■. f&tftR 
Sr»t->y ^l:ffM/:l^fcott7^x7 
Xv X^MS:SS4lthtlll6||«t'> y = vggfkfflli: 

(7^fyRe f) o — 

] j ^^mtm^mm^mmx., ry^^77 p 7x^ 

SSrlfi^rtf, i&l ±C T D D B #*^f6]± t 

fcj&sfrd>5. :nii, TDDB»AS:3£Ei"6KBattlft 
[0 0 9 9] ^^T% 7^^777X 

[0 10 0] El 2 2 —El 2 4(1. CuSSSSOXPS 
(X-ray Photo-electron Spectroscopy ) ^{ff^lpf:^ 
^tfc^v^T'fc^o *EI<£> (a) , (c) liCu2p 

<o#3te*£*£:^u (b) % (d) fiNl sO^r^m 

[0101]|2|22 (a), (b) tt7X^tt«OC 
u«SDiSr^«f lfclSIf$j§ 0 Cu 2 p<£>e— *dSfR 
ni sOt 0 -^|j:y^Xi/^K^^:i^ 

fo^So 112 2 (c) . (d) 13, CuIilCMP^ 
t*bfcil:a<DCuEj»«ffiS:^WLfctt*-e*>5o c 
u2pC0t 6 -^^tt)CNl sO^^jSHiJlS, 

ffi^a»LfcBTArt<7>a*Sr«*U-Clr^ tc^^it^ 
-e#4o 1212 3 (a) x (b) li, CMP«t;:«ifeiM: 



TtfofcttftlwCuEI»*ffi«:^Wb*:l6*-e*5. C 

u 2 p tr— ^tw^ttia^n^^^, n i s * 

5oB2 3 (c), (d) II, aa6i*»*«#Hftfc 2 

4 ftfffil Lfc^SSco C u EMkiSr^ff L 

5 Q C u 2 p<Dt°— ? t t fci-C uO(Ok- ^tfMRSS 

4x5 0 Ni s tr— ^^ttJS«^J;*as<l:tt*6tL3fei^ 

[0 10 2] dJc^k^ttfcCuElfticT^n 
T^7X^jaa*lfcLfc*'l»^CuE«*aa4:^«fLfc 
tS*^H2 4 (a) , (b) -efcSo CuO^t-^i 

m£ffi$z^x^z> 0 -jj. ni s ^^iia<ti:T^ 
BS^b$nfccuEi»^3 5ot:^**!»«yi*:ifcufc« 

(|OCuE«»BS:»*rUo ^110 2 4 (c) , 
(d) -e£>5 0 Cu2pt°-^l:oV^T, 1212 4 (c) 
£[212 4 (a) tSrifcRi-tUi, ±*)7Xf*tt« (HI 
2 2 (a) ) fcffit *3MMa«0*3»a5ctt 

ttM8^t#*.e>tb«o — ^> ni s\z*—?mzkA,awL 
[0103] EA±(z>*sxa>e>, T^^rx^x^sas 

M J: 9 C uEj»4 6 a ~4 6 e COSffitiilTt $ *L5 t t 

7^=7X7 x^mm<Dmz > y ^mtm^mm-r 

[0 10 4] 123 2 v-y nyt«iiC0XPS5> 

WSrffo^semSr^i-XT^T-fct). 02 6*5.fcUMa2 
7tt, ^yayWUIOM^tf (TDS-APIM 
S) ^fcgS^t^77t*fc§ 0 is9=>tkttM 
©^Wfciol^Ttt* CMP««fe*4^ffofctftflB (Xn 
7 7 ^^C) , CMPtacM7k*X7X-7«iIS:tTo 
fcjRffi (Xd7 7 ^^D) , CMPMM7^^7 
X7X-7^1SrfTofcttl (Xp7j^^E) . CMP 
Si5tMIiX7X>^l^|7otti (Xu77>f^ 
F) twO^T^WUfCo fc*5, XD7 7 ^/K01eV 

[0105] 125 (a) , (b) (itfclCS i 2p^ 
^h/^I^LfcT^tfc^ (a) {11 On mm 
«<7)i£££. (b) 1*2 nm^K<Or£££^WLfctC9 
tfcSo 02 5 (c) , (d) . (e) I44*N1 s % 
Ols, C 1 s *s<>7 h^^M^Lfcx — ^-CfcSo 

[0106] 025 (b)^«b. **^7Xrftl (X 
n^T^vUD) (Dfix^/^- 1R0 (102eVfti6) I- 
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4tst%x:?)n, 7k*^7X-e«iaK < t «9 v-y 

[01071025 (a) i5 % ry^^T/yX^ 

(103. 5eV) ItS i-0-N^(h%i^Wc 

02 5 (a) k (b) t(OJttt^b, *fbtt*B6 

^«MJ3J:V«»^9X^«aicJ:5*fli«4 % 02 5 
(c) ttllt^^c 

[0108] 825 (e) 7KPftX^ X^S (X 

^fc^^o CMPI (^n^ r ^/l^C) 0289 

[0 1 0 9] 02 5 (f) ft. Si ^ ^Nt°- ^ t 
7 y^t 7 Xvfeli ii77 Xvj^I t 

[0110] 026 (a), (b). ( c ) , ( d ) fit 
#^Itf4 1 (Ar-H),fiS2 7 (C 
2 H 3 ) . KIf5 7 (C 4 H 9 ) , Iff 5 9 (C 3 
H 7 0) SrJW*Lfc^97-Cfc5 0 Sfc* 02 7 

(a), (b) , (c) , (d) »»/rMft2 8 (S 

i . C 2 H 4 ) % fit 4 4 (SiO, C 3 H 6 ) , H 
fiffr2 9 (SiH, C 2 H s ) , Kftifc3 1 (S i 
H 3 ) Sr»*b^^77-efc5 0 

[011 1] 026 (a) 7^<b. y^XvMlCi^Tk 

(^a-7 T ^yUD) (OKNtftX^lftOtt^ ( 5 6 0 °C) 
£J*»LT5 2 0ti:&^^^^ o 

[0112112126(a). (b), (c) #^ 
o-fe^fct,#«*<opfBt^A6ft5. 0 2 7 

(a) - (d) W#fe^ll^^^t: 0 -^^#ft 
^IbtiS, 3 0 0-4 0 0°C^t°-^(j:§ 

Si, S i O. S i H, S i H 3 t&fctlZo #0 

ST. S i 0<OfiflJK,{±abtL5^, 7^^7X7X-7 

«ys-c«:s iH, si H3<^)BlIfttt*^^:^i^«*^4^* 

l\, i-ftfr^ 7 > ^ ^ 7 X 7 X v ®1 j: S i — O — 
5 0 BtJKiw^S*^/u=¥-J4Sl*X9X^*aa 

0>*&j&**fcas<, 7X^-7 p ^x^^3®<J:r>^^TX^ 
x-^tost-e^tj^iRicts^So 
[0113] > y =» 



^v^xy >^>- WBi^i) s i -oh^s i -o 

7^^7X7XvMI(l ±9, lit^-^OS i 

-o-N-e»«snst%*.e>4xSo 7^7Xyx 

OS i - 0-N^«KU ^?©S i -On&ki/V 
= >$Htm<DS i -Nfc*S3SH«w|g-&U *H*6&**B5 

bti^o — 7^n7X7X^f^b^l^ 
Kite, *t>* t s i - OH8^*v^>!I 
ttmkis!) 3 y 7^^7 1 ^ 
*i-&KJfcU >X^V K^IStfe^ S i - O 

[0 114] W±o^«rlS*^6>, 7y*=ry?Xv 
^S(rj:<9, BWt*lxfcCuE*!l(?5*ffitt5t5c$n"CC 

tf>o. *>y =i >mKBk/ 9 s\) 

U TDDB**t,*:«lc|S|±-t-5i#*.e> 

[0 1 1 5] 0 2 8 1*. 7y^e^7X , 7X-7^1?:firo 

/c*^K(D^figCD^(7)IS^ > y = V^UH (^^ 
yXK) t^I^Iit/:TEM?It^^ 0 — *0 
2 9li7y^^7X7X-7»^ffbft^i^M^ 
T EM?^Tfc§ 0 0 2 8m #ffitC»^«J8S©#ft 

[0116] *fc. **jfttf>7»l»-ett. cuia^coffiivi 
D irr^^r^^x^teasrbfcti^ir-ett, too 

(TkiS^X^GS, 7k*T=— t*X7X^? 

*W?m (S/yayg<tl» £:<*>lfffiS:«*L*:TE 
M?Stfc5o ^11 1 1 7 >^ ^7^7 XvMol 
^ (03 1) Wr®iC#It^^Ibn^V^\ 7KH 

^atX^X-^teSO*^ (03 2) 
KSHOv'y iM K (CuSi) S^fifeSixTt^o - 

<e->y^>rKiiii. v/^yiftl^M^o^^y 

9, ZCD^tm^^D-t^ h*it<D-7* v k LT 
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^$nw^%t?>n5o ft*>\ tKir^^x^s 

(B3 2 (c) , (f) ) tt, #ffiirfir&a><75 

HI 3 1 *5j:tfg|3 2{wio^X, TEM¥S (El 3 1 
(a) *5J:V (b) , B32 (a) - (c) ) 

#**fJSnM/-^III (0 3 1 (c) *5±W 
(d) % 03 2 (d) - (f) ) Sr#%(^)fc»^*TE 

[0 117] ±|ELfc^WJt*^b, TDDBf^ 
H CuE#<0*ffitt#fcSHb« (CuO) 

fc, ff^«^a«i&^^/ft1-^lb«^K (^y^BMb 
i39) t=**yxj« (->^>iffi4 7) t<o^-m 
*JI:Ko»i»<Dr:^=T«ys fc*£ft^»&fcM: 

*^OjtftfeJftft1-Sf^fflSr#L, JB-f^tt* 
Bl:fioT KJ> 7 h$ixS2:»1-5o 1"4tot>, 

ifE»Bi^y-^/^^»*snSo y— ^^fcssfcrt 
sy— ««pmoy— ^fpfflt«at*cj:5i*^ 

S(^^^> (TDDB^) 0 

[0118] rtu^stu *sys<^f®-m, cuia^ 

46a-46e C03t® :/^~T&yg£:J&1-fc£>. C 
uK»4 6 a -4 6 e*BB<OlMtJitt5t5£*n-CIH* 
U CuE,|4 6 a-4 6 e(D«lI^Ifti« 

<h ft fiffl>T *^fcXEttfcttl&1-5IBH*ir«r£ C 
4<t6ii:*T#5. *JBfcO»«-eH:, > y 

= ^iWblllt3 9^*ffi(CTV* = r*&aS:K£l-*:*, > 
y ^>-»t:^4 7 fc<^»«Srit)IK»^u, f^rv^r 
ztfv K<oft«*(S«U"Cy--^/<^<7>JBriES:Jqi»J-T?# 
5 Q 1"ft;b*>, TDDB&tol&TnWmktZZmJ** 
U rt>o, M<z>tfc»fc»*J-C£5 «fc 5ft-> 
y 3y*feB3 9 t i>y =J^*ffclK4 7 tO»&M4: 
»fi8"C*S 0 :ni:«t!)TDDB*#5:fS]±tt5OT 

[0119] ft£>, (WrlELfcW«r^fe, **/7X^» 

iT'tTDDB^^|S]±t#S^%x.^c 1"ft;b 



i-OH^S i-Ht^«Sjx5o v/Jl^yl 

u si-N-ciftshs, ^n^±9»«tt4'>y =» 

E*lfi6iJi«flKcOii9iiADl-5o I23 3H 7kift^9X 

7 7-eS>5 0 #^:^>Ref (^Oili L) ^7-fy 
A (7^-7/7X^1) Sr^b^io *|X7Xy 
*&a (7>fyc) -ctt, TDDB*^s*&airrfi]±i-5 

nELiS&titfo £ £ C ft v > i p fttmaMMJ -e # * t # K 

>D) TliTDDBi^^^^otfiTt^o [H2 6, 

[0 12 0]*it(7)Iim CuES4 6 

a - 4 6 eteXTfi"}) =i>BMfcSt3 9t^f 7XI4 7 

[0121] ft*5, r >-e~r , zk*a>i£— #*fc:ise> 
^^X7X>r«tr^gi\ 1-ftfr*>, T>^e^ 

[0122] mmmm 2 > *&w<DmM<DMm 2 x* 

fc^CMOS-LS I <7)K5£;fr&£l2 3 4— EI 4 3 
^-CI»0Ite«W§1-* o 

[0123] *ntt<*>«»<0«3e*ifcw:, m&mm 1 

KTCMPlSSJlftwiaSrRWti, 
[0124] 03411 l»ii*CuE»0*fiai:fV^ 

6 c M P % B <o <n — m & ^ 1-«»H "e fc S o 

[0 12 5] EI^(DJ:9{C, CMPSI4 0 0 J*. WB 

fts«B4 o i t*w«a«^K*t&nfc**iWB4 02k 

!:J;oT«^Ti^ 0 WS&SSIS4 0 i tr«. 
^ 1 WW««!!aSrfl9 2i$<DjE$L (^13t«4 

0 3 A, S2^fi4 0 3 B) . iSJ&I^bofcSfi 
Ifc^MiftfrU -t^*B«wBS**aatlfc1-^ • 

4 0 3A, |2)lt4 0 3 B, ^!l-y«77->3y 
4 0 4. 7Vn^4 0 7 BBt^ft SitSSter— A 4 
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0 5tt£dS««Sft-Cl*5o 

[0126] wmtmM* 0 1 tt^MUfti**** 
bofclfii <n&ft***7 7mftlrZ>'&foftU4 o 2 

8. »lifc*8R4 0 9 A, !2ftifS4 0 9 B, 
Yy^-TA 1 o, 1 1 fc£iMRIiS*l"C^ 

a*tt*Lfc*K i i-a»!R«-c3fe^re»* i , fit 
n»-&(75 P « (+«) i:«R$nfccue«o*9^& 

C u>f *v***HBLTEI!W*«:5l#iBri-^bT* 

[0127] 035 \^irX 9 mi ^ffi4 0 3 A 
tt, *©T«BfcRWe>ixfcMWI«4 1 2U:J:oT*¥ 
ffirtT-[£]telg»)i-^o *fc, Il£«4 0 3A(D±ffi{: 

— K:tt0ttttT»rtLfcW«'<y K4 1 3tf»0f*»tfe 
tltl^o fl£i4 0 3A<7)J:^:ll Klb««4 1 

=*r^ y T 4 1 5tfSR1t&jh/CV^5 0 **£l tt, z.<r>*7=- 

4 i e fcctt^y t 1 — *-y ^4 1 7 mot, ^^^b 

K4 1 3Kjf LttltbHSo WB'<y K4 1 3co 
t4 0 3AO±^ll IBii4i9i:J;otiTi 

*3±tr7K3pasrt-eEHeB»i-5 Ku-^-y-4 2 o#r«$ 

titv^o KH/t4 2 0<OT*«lwf4^>f -ir*^ Ktt 

4 0 3Blt 2*<D*7 y ftj^f 4 1 8 a , 4 1 8 b rt> 
Kttfcft-Cl^S,£«:(fc#. ®ltl4 0 3 Afct5»3TH« 

[0128] ±ffiCMPig«4 0 0S:ttotCuE»Sr 
»J*"t-*twtt, o — ^4 0 6\Z]&mZiHt&fa 1 SrSte 
T — A 4 0 5 ^oTHMai4 0 1 KJRAU £T 
0 3 613*1- X 5»w, »1^84 0 3AW±l:33V^, 

iWIEKiKSt 4 0-4 4^g|5C0C uK4 6 £G&5fe-rS 
(0 3 7) 0 

[0129] zz^mb7V—ik*¥WMmmt&. t>\> 



**%*}«<Ofc<7)3ftS»*L<, 0. 0 111%*f(Df 
[0 13 0] WS^bTte, Cu(^Mft*^JR 

HTiNg4 5 (/<!I71) (C^i-^C u^4 6^©FS 

a, war ttfbr^=9^4ifSr«a%-*- 
So iMMb7k*»A«rit»«r**r, ^ 

%coiS»^*9Ri: 0. 0 3S£%co^^.vftt 4riD^L, 
flHft*)**** 0.01 lt%*tii UfcW«»Srttffl 

1-So 

[0131] lB»f*-Cft*«tHlfi*ff 5 i , *i* 
Cuii^8fclPll;J:oT8ftSti, XSKiiV^ttfkJI 

ixSi: ±EWtJ1^7K**i:nfco-C«aiL, ±EBMt/i 

l^#*iftwJ:5 07|s:»|B5p9-2 9 9 9 3 7-!§-:fcJ;tf*5r 
K¥l 0-3 1 7 2 3 3#lC|£L<!E*t£HT^5o 

[0132] wm<Dikm*. -mt b-c^s- 2 5 o g 

/cm 2 . V^*^ y T EWES =3 Orpm , ft«EWE»= 
2 5rpm , y 1 5 Occ/mini: fff/<y K 

(4, *ipf- /U(Rodel) tt<DRK^y K ( I C 1 4 0 
0) ^^ffi-f-So Wm<Dm&&. Cul4 6«4^ 
TTi&C0T i N^4 5^Btaifcl*jStU ^OtttB 
Ji, W»fttfCuR4 6^5>T i Ni4 51C*of:t 

[0133] §37 iz^-r x 0 \z % ±.m<om$L7 y —it 

*BI*W»SrtT5wi:^J:9, E«*4 0-4 4O*» 
(OCul4 6tt»iflSfeSS;h/CTa<0T i N§4 5^5g 
HJl"*3iS, 138 (a) (b) (rffi^LT^-TJ: 
T*«!UCiBHLT4CfcT i N^4 5(7)^^ (^ppt 
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7F~t) r<of»"eiii»*L#n4^ofccu 

K4 6tmfti-Z>o 
[0134] ffi#MS4 0-4 4c7)^a5(7)T i NJ8I 

4 5 ^^r^±ffi^Sgf6<jt-»ofcC uS46^iit 
SS 1 1 S84 0 3 A^b» 2 ^84 0 
3Bfc:»U ®KS:*tfW«* (*9y) SrttfflUfcft 

mp) ^tf^o z r. x^w&it^mumm t \t. r/us 
■*\ ^9*teb*<Dn3fcfrtbftzm&(D^mm*o. 5 ft 

wmrnt lt«*k 5#a%<oigsft 

te**. 0. 0 3a*%(O^^i^i8*5±V0. 5lf% 

to-ettfti^. rowFBiKtt, ftiifEo^^ y m%^4 i 

8 a £S CTI 2 £^ 4 0 3 B (Oii^ y K4 1 3 i-tt 

[0 13 5] £fc x r<0#®K^t^««W«^*3^T 
13. T i Nl4 5^±IdfjTWl^|o/cC ul4 6(7) 
Bfc*fc3l*llfc^-C. El**4 0-4 4<DftU<DT i NI8£ 
4 5^t5 4 tZX\ TiNl4 5 (/<!)7f) 

st^cu§4 6<ow*atRH:^*(rEiBtt7 y — 

fl=-CJ5FS£:fj^\ ffi**i*4 0 — 4 4c7)f*|g[$C9C ul^4 6 

[oi36] mm<D3km*. —mt ltm^ i 2 0 g 

/cm 2 . ^x^Jr-y!i7[H]tet=3 0rpni , tt06f- 
2 5rpm . ^7 USi= 1 5 Occ/min^ U 5fftf'<5/ K 
nf-/Wi^ I C 1 4 0 OSrttffltSo ©WfiteT 
iN«4 5(^«J?tt^tU ffiW<0»J&tt, T i-Ng 

[oi37ii39 \z.jF+tL o \z % ±ti<Dmmmt^m 
wmm&niztizty^ mum 4 0-4 4<dku<dt 
i n^4 5tt»m**ixTTJio->y =^«Mk:fli3 9 

dS|tffii-S^, H34 0 (a) , (b) trffi^LT^-TJ: 

ft^ofcT i NJBU 5^a#-J-5 a 
[0 13 8] »Ctr, EMM 4 0 — 4 4(OrtS5<OC uJg|4 
6<^W®SrniBi^B8 9«iSJUoo v EM4 0-4 4<?) 

4 5 (/<J7I) «:lft*i-4fc*<D^«Kk*««W* 
(f37fy^CMP) £f*T5o w<^»^«}fk*«« 
Cu«l4 6»cSti-*T i NJK4 50flFB»Ktt: 

«*W««\ Cu«4 6<0«F«3S«J-»-f5'>!; =i^» 
[0 13 9] ±B»WWb*»»flF»«rfT9^tt. 

^mmmmt^mmwmx&mistzxoteo. 5%s 



^ffiffli-^o te*«itt, CuBt4 6<o*a5ic»*tt^ 

»»J+-SJIiaS:VH\ ^yy>!)7/^ (bta) . 

7*^. hy7/-yK hy^MJ7/-/u4«ffi 
Sit**** »KBTASr«fflUfc^«rftje4«|lBIS: 

[0 14 0] Rft»Ji:LTBTAS:ttffit5^ ^ 

»«»4^9 y^aai-tj:*^, iismo. 001-1 

fi*%; Jzv»£L<fio. oi-ili%, £t>\z& 
*u<tto. i-ifi*% (3ttW) <D**i-e+#*«i 

&mt LTO. lli%OBTASrll^Lfct)0&«ffl 

fclixf uyy7^yfflim (EDTA) ft if 
iSCttttTtxt^o ft*5, ^.^>J:5*K*a*:*tP 

ft iftCjlS^ISSpl 0-2 0 9 8 5 7f, #I¥9-2 
9 9 9 3 7-§-jo<tt/it#^¥ 10-31723 3^^b 

[0 14 1] r <D»K«Mk*««W« (lf§3 ^X^O 

cmp) 12, fltrffio*ffiE'fb*»«w* (»2^7 L y^ 

COCMP) »7L/:fi 5l#**l^T*2^»4 0 3 B 
7 y QktfeV 4 18b «:« CTWIS'* y K4 1 3 co^ffitr 

#ws£n5 0 w«^*«=«, —mt ittt= i 2 o g 

/cm 2 , ■>x/x^ty7@fef=3 0rpin , ^80^f = 
2 5rpm . ^ 7 V StS= 1 9 0 cc/min i 

[0 14 2] El 4 l*3<tVia4 2(a). (b) tC^i" 
J:B^lRttft*i«WS:ff 5 : 1 1: i 9. 
E»t4 0-4 4CD^gl5(^T i N^4 SdS^TSfcSS 
tb, Id^t4 0-4 4<59rtgl5tril^^^CuId^4 6 a 
-4 6 e«^iX^o 

[0143] ii^)^^C uld^4 6 a — 4 6 e <DMf&& 

*-ffluffi[H3 4 • >4 0 4IC 

Jo^TBTASrdtP«7k-eS«l S:ifc*"t-S 0 Z-<vt 
# , gfeif-?^^ 8 0 0 kHz J^±C0lSJlKMfb^*DxTffi 

ffi 1 SrSjPlttllitcift»Lfcttl»TW«*D ! a«4 Ol^b 
8HJ6i*fB4 0 2tr»iilU, *1 gfe?fig|5 4 0 9 Airjol^T 
0. l 11%conh 4 OHSr4tpUfe*«Srffli^fc^^7 
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4 0 211 1 W*ffifc3fe*S|Hlt-f-4 Zk\Z 

igHLTCuEl4 6 a -4 6 e fcJB*j&5«£1-« CO £ 

[0 14 4] ±12* ^^y^ ^TUfc3E 
yitTvK^ "V4 1 o-ctt**lxfc«. Ml 

[0145] *<D&<ojLmxmi&<Di&i& i £ 

5o BI4 3H ±aifcCuEi4 6a-4 6e^M 

[0146] *mma>»m\z xtiti. mm^mm i <dm 

-&«t9 $b«wTDDB^S:[pJ±-et^ 0 H|4 4J±*|I 

#%G9fctf). »1IL (^^Re f) £^«^0D{fc¥ 

(3W^)»IH) (7^A) 
StIrI^F^L-C^^o 4*5* 7^^7/7X^15; 

t7^yFC^t±pi:TDDB#t4Mft^ 0 rcD 

[0147] 4*3, &o^<b*«^rw^*bm&» 

(HFMI) 4:. S5>ICTDDB«H4iS 

^^BMtTkSJK (fctxtfHFTkSiS) -t?S«iS:#!S 

[0 14 8] (Hlfe(0^fl8 3) HI 4 5il CuI£M46 
a-4 6 e(0M7 p nt^(Dtft7n-it$)§ 0 [pjg] 

[0 14 9] HFftcfrU tz.tX.\i^y '>7^7W 
fcflH\ HF38J$&*0. 5%. ft»0*m«r2 0»co*# 

[0 15 0] fo^^ftHF^c^-lr^^T^^VK^^Sr 
[0 1 5 1 ] Z(DX o iCHFSfcli^xyS^Srffl^ 



#5 0 H4 6I4, *Htea)^«0«^0 T D D B #A Sr 
>Ref) t^I<Dfffil<7)f-^ (7^>A) SrHBf 

[0152] imt&<Dmm 4) i^i4 7 — m 4 9 n 
m<omm<omm 4x&% *mfcmm®mmm<DmmJjm 

Sr*Lfc^a5H*3j:VWfBBH-efc«o 134 7-1214 9lc 

[0 15 3] 114 7 9i-> £feiH«5 0 1 ±^iE 

IWffl(7)f6W5 0 2«U :o»5 0 2i: 

mib&Asx-m&m 503 *r»*i-s. jiem 503^ 

[0 15 4] $ v-y ^V^fldRS 0 4, j&ff®^ 

<7»y n^gMfcjRs 0 5*5£U<T EO s 
(TEOSg?«) 5 0 6SrffiSt5 o 

[0155] i&mmm<Di/}) ^awtiBts o 

tizk^vvUir * ^^"^i^V (Hydrogen Silsesquioxane) 
?rMit5ilSSOGE fb^Tyu^^yyyy 
(tetra alkoxy si lane) +7/U^/U7/l'3^yy7>(a 
lkyl alkoxy silane) £Jg£f £ i" 5*1 WIS S O GWkt ^ 
ofcifcftSilftfcBS^ y7XvCVDSt««7n 

p^7-7Hv^y ^—m^t\ JfcW«* (e) ^3. 0« 

4{B««*<B > y = ^ - 1 1- J: o 

[0 1 5 6] #Ct:i, 04 8 (a ) ^"TJc 54^-^ 
T% 148 (b) tr^-r^9i-. ft?L5 0 7^iiPt 

5o «^?L5 o 7<D^pt^{i^^- h y y^7^x y 
5 0 5(1 *ffi*Ml4BH*36«:#U s i -OHte^Sr 

fc7^^77'7X-7^I^I?L5 0 7 rt^(7)S/y 
>^ft^5 0 S^ffi^ilffi-To ^HCi^ ^ffiCOS i 

[0 1 5 7] 9\Z^T£ »^?L5 0 7 

rtliIftf^vjoj:^y^ry^b^^y7^5 o 
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